Introduction
The prevalence of Diabetes Mellitus (DM) is increasing worldwide and there are estimates that, between 2010 and 2030, there will be a 69% increase in numbers of adults with DM in developing countries and a 20% increase in developed countries (1) . At the same time, both Type 1 Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM) prevalence are rising all over the world among children and adolescents (2-4).
As the age of onset of T2DM is becoming younger (5) and the patient's life span is longer, there's a bigger propensity to the development of the multiple chronic complications of DM. We know from adults that approximately 30% of patients with prediabetes (Impaired Fasting Glucose, IFG or Impaired Glucose Tolerance, IGT) will convert to T2DM within 5 years (6) . Besides, children with prediabetes have an increased risk for developing cardiovascular diseases before progressing to DM (7) (8) . Thus, an early identification would help these children to have earlier and proper care and to minimize the consequences of prediabetes and DM.
In agreement with this potential of prevention, the Consensus Panel of the American Diabetes Association (ADA) recommends that the screening of children and adolescents should be initiated at the age of 10 or at onset of puberty, if puberty occurs at a younger age. To identify adolescents to be screened, besides the criteria of being overweight or obese, one of the criteria is to have a family history of T2DM in first-or second-degree relative (9) .
Using family history (FH) information as a screening tool is appealing because it is easy and inexpensive to collect in both the clinical and community setting. However, as the age recommended to start screening is 10-year-old or at the onset of puberty, most of the parents will not have a diagnose of T2DM, as they are still in their 40s and 50s. Nonetheless, previous data suggest that a family Diabetes Mellitus history in grandparents was associated with increased risk of disease in grandchildren (3) , making this information potentially interesting to identify adolescents at risk.
Although, another study (10) , based on a sample of overweight children and adolescents shows no relationship between grandparental DM history and an increased risk of prediabetes.
So, however in literature, there isn't yet a consensus about the role of grandparental DM history in the increasing of risk of prediabetes, the goals of our study was: a) to determine the prevalence of adolescents with IFG or DM in our population; b) to evaluate which of their characteristics is associated with IFG or DM; c) to evaluate the role of grandparents history of DM to identify adolescents with FDMH.
Participants
Participants in this study were selected during 2003 as part of the assembling procedure of the Epidemiological Health Investigation of Teenagers in Porto (EPITeen) cohort, which aims to follow children born in 1990 and registered at every public and private school in Porto, Portugal. To achieve this goal, every executive board of schools attended by 13-year-old adolescents was contacted and asked to provide students' contacts. Of the 27 public and 24 private schools contacted, all public schools and 19 private schools (79%) agreed to participate and allowed us to contact eligible students and families.
Approximately 200 eligible students were present in nonparticipating schools. However, no effort was made to contact them using alternative approaches and they remained unaware of the project. In compliant schools, we identified 2787 eligible adolescents (2126 in public and 661 in private schools): 44 (1.6%) could not be reached (missing classes during the study period) and 583 (20.9%) did not return signed consent forms and were considered refusals. This resulted in a 77.5% overall proportion of participation, similar in public (77.9%) and private schools (77.0%; p=0.71), with 2160 students providing information for at least part of the proposed assessment.
Ethics
The Ethical Committee of the University Hospital São João, Porto approved the study. Parents and adolescents received written and spoken information about the purpose and design of the study and at least one meeting at a time which best suited parents was arranged in every school, to describe the study procedures and to overcome any possible concern of the families regarding the adolescents' participation in the cohort. Written informed consent was obtained both from parents and adolescent. A separate specific consent was provided for blood sample collection.
Data collection
The baseline evaluation included two self-administered questionnaires (one completed at home, another at school) and a physical examination. The home questionnaire, answered by adolescents and parents, inquired into demographic, social, behavioral and clinical history including Diabetes Mellitus of the adolescent and family (parents and grandparents). Parents also reported their usual weight and height (this information being used to calculate body mass index) and their smoking status. Based on parents' education, adolescents were classified taking into account the parent with a higher level of education, and this information was used as a proxy for socioeconomic status.
As part of the home questionnaire information about a medical diagnosis of DM were asked separately for mother, father and each of the grandparents. We have classified Parental Family History as: a) positive, when at least one of the adolescent's parents had a diagnosis of DM; b) negative, when both parents reported has not having DM; c) missing, when for , at least, one of the parents, reported to "be unaware" or didn't answer. Total Family History was computed taking into account the information on parental and grandparental diagnosis of DM. We have classified Total FH as: a) positive, when at least one of the adolescent's relatives (parents or grandparents) had a diagnosis of DM; b) negative, when all of the adolescent's relatives were classified has not having DM; c) missing, when the available information about family history showed no diagnosis of DM, but there was missing or "unaware" information about, at least, one relative.
After receiving completed home questionnaires, our research team visited the schools and the adolescents answered an additional questionnaire (school questionnaire) to collect information on physical activity and behaviors, particularly smoking and alcohol consumption.
During this visit, a physical examination was performed, between 8 a.m. and 10 a.m., by a team of experienced nurses, nutritionists and physicians. Anthropometrics were obtained with the subject in light indoor clothes and no shoes. Weight was measured using a digital scale -Tanita® (in kilograms, to the nearest 0.1 kg), and height was measured (in centimeters, to the nearest tenth) using a portable stadiometer. Body Mass Index (BMI) was calculated as weight (kg) divided by squared height (m 2 ) and was classified according to the age-specific percentiles developed by the United States Centers for Disease Control and Prevention (11) as overweight (BMI between the 85 th and the 95 th percentile) and obese (BMI above the 95 th percentile).
A 12-h overnight fasting blood sample was drawn from consenting participants. The fasting status was evaluated by the question "when was the last time you ate something?". Blood analyses were made no more than three hours after blood collection. Blood glucose was measured using automatic We also have defined two groups according to the 75 th percentile of FPG in our sample, which was 91 mg/dl.
From the 2160 participants, we had 2054 participants who had a physical examination, but 388 did not agree to a venopuncture, 274 were not fasting at the time of examination and 6 samples were lost during the handling procedures. Of the 1387 participants with blood sample, 105 did not hand back their parents questionnaire and 5 had a previous diagnosis of DM. So, to this study, we analyzed data from 1276 participants (59% of the first pool of eligible participants).
Comparing with participants who were not considered in the analyses, those with complete information presented a higher proportion of girls and adolescents whose parents had a higher economic status (showed by their higher education and their enrollment to a private school). No significant differences were found between those groups in terms of FDMH in parents or grandparents, categories of BMI or age at menarche (table 1) .
Statistics
Missing data, due to absent or incomplete questionnaires is presented in the tables but was not considered for statistical analysis. Proportions were compared using the Chi-square test or Fisher's exact test. Means were presented as mean (± standard deviation) and compared using the TStudent test or One-Way ANOVA. Odds ratio (OR) and 95% confidence interval (95% CI) were estimated by unconditional Logistic Regression and used to estimate the magnitude of the associations. Statistical significance was accepted at a p value of 0.05. All analyses were performed using SPSS version 18.0 (SPSS Inc, Chicago, Illinois).
Results
We found a prevalence of IFG/DM of 3.7% (n=47) using ADA guidelines (9), and 0.55% using WHO criteria(14). The only factor associated with ADA's IFG/DM was sex, with boys having more IFG/DM than girls (4.9% vs. 2.6%, p=0.046).
Considering FPG values, the 75 th percentile in our sample was 91 mg/dl. As expected, regarding FPG, FPI and insulin resistance and sensitivity indexes (HOMA-IR and QUICKI), those with FPG≥75 th percentile were significantly more insulin resistant, had lower insulin sensitivity and higher insulin values (table 2) .
When we used data only from parental family history, we had identified 103 adolescents with a positive family history (8% of participants). However, when combining both parental and grandparental history, 468 adolescents were additionally identified as having positive history, performing a total of 571 adolescents (45%) with positive family history. This represents a 5.5 fold increase in the number of adolescents with positive family history (figure 1).
After adjustment, the Odds of having FPG≥75 th was significantly lower in girls and in the adolescents who had routine medical visits. However it was higher in adolescents who had parents with lower years of education (7 -9 years) and in girls with menarche at 12-year-old comparing with those that reported an early menarche. No significant association was found between FPG and adolescent BMI and FDMH, considering only parents information or the combination of parents and grandparents (table 3) . Also no significant association was found with family history of DM and the IFG/DM status, using ADA criteria or WHO criteria, either with Parental Family History or Total Family History (data not shown).
For a large proportion of adolescents we didn't have information that allowed the classification of adolescents as positive or negative on Parental FH. We found that a higher economic status (measured by: to be enrolled on a private school, to have a higher parental education and a private doctor as the usual health care provider) is related to a higher availability of Parental FH. Available parents with lower BMI and higher number of mother's medical visits tend to have a non-available Parental FH (table 4) .
On table 5, we presented data on the comparison of FPG as a continuous variable, FPI, HOMA-IR and QUICKI, according to the family history status. We found significant differences only for FPG means according to the Total FH status (higher on the group with Negative Total FH: 86.4 mg/dl, then on the group with Positive Total FH and lower on the Missing Total FH group -83.3 mg/dl).
Discussion
In our sample of 13-year-old adolescents, the prevalence of IFG/DM by the ADA criteria was 3.7%
and by WHO criteria was 0.55%. As expected, in the present study, the prevalence of IFG/DM was higher using the ADA criteria (9) than when using the WHO criteria (14). This large difference (6.7 fold increase) was related with the very small number of adolescents classified as positive. Our prevalence was lower than that based on the WHO criteria (14) found in England and Wales (1.5%) (16) and in Turkey (1.96%) (17) .
Also when the ADA criteria (9) was used, our estimates were lower than in other studies: IFG's prevalence was 7.0% in a very large American study (18) and 22.2% in a Mexican population (19) . The difference for our data can be explained by the fact that these studies' populations comprise a wider range of adolescents' age, which can lead to higher FPG values.
There is an important debate around which should be the cut-point for the definition of IFG. The ADA defends that it should be 100 mg/dl (9), while the WHO and other organizations use 110 mg/dl (14). Nonetheless, it is assumed by the WHO that the existing approaches to define the best cut-point for defining IFG do not provide a consistent and unequivocal solution (8) . Besides, there is a continuous cardiovascular and diabetic risk even with a plasma glucose range considered as normal (8) , so, we have decided to use the percentile 75 of our sample to identify those at higher risk to develop DM. Therefore, the cut point chosen for FPG was 91 mg/dl, a value similar to the one included in the ADA definition. Our decision was also supported by the results showing that those with FPG≥75 th percentile had a significant worse insulin profile regarding data from two important insulin resistance and sensitivity indexes, HOMA-IR and QUICKI.
To measure insulin resistance and sensitivity we used HOMA-IR and QUICKI indexes because: a)
HOMA-IR has a reasonable linear correlation with the reference standard glucose clamp method and minimal model estimates of insulin sensitivity/resistance in several studies of distinct populations and b) QUICKI is a simple, robust, accurate, reproducible method that has been extensively validated against the glucose clamp method (20) . Both indxes are good predictors of diabetes and some of its related diseases, such as obesity, metabolic syndrome, and many cardiovascular diseases (20) In our sample, boys have more IFG than girls, which is consistent with data from adult studies (21) (22) . In girls, we have found differences of IFG according to age at menarche, but only in those reporting an age at menarche of 12 years. As our sample is homogeneous for age, this is in accordance with the knowledge that glucose metabolism varies throughout childhood and adolescents go through a period of insulin resistance going through puberty that is transient (23) . However, because there were no physical conditions at school to assure the privacy needed to evaluate adolescents' pubertal development according to Tanner criteria (24), age at menarche was the only pubertal development indicator recorded.
In the present study, a higher proportion of adolescents with FPG≥75 th P was found among adolescents with parents with lower education. This is in agreement with several studies (25) (26) that show that a lower socio-economic status is related to a higher prevalence of T2DM and microvascular complications in adults. We have also found that adolescents who had more than one routine medical visits per year were less prone to have FPG. Although this association was adjusted to parents' education, this result can be because, more frequently, adolescents from lower social class did not have any routine medical visit. Surprisingly, there was no relationship between adolescents' categories of BMI and FPG. However, we found significant differences for FPI, HOMA-IR and QUICKI means according to BMI categories: overweight and obese adolescents had higher FPI levels and were more insulin resistant (data not shown). This is consistent with the fact that obesity is considered the major cause of peripheral insulin resistance in childhood and it is strongly related to the development of altered glucose metabolism (27) . Probably, we did not find an association because we did not have enough power due to the lower number of adolescents with FPG and obesity.
There is a relatively high amount of missing data regarding Parental and Total Family History. This is a frequent problem, not only in research, but also in the clinical context. Our results show that a higher economic status was associated to a higher proportion of available information on FH, both parental and grandparental, which could be explained by the higher capacity of those participants to answer a self-reported questionnaire. This relation with social class could also enlighten the higher proportion of those with data on family history that use the private doctor as usual health care provider. Among those with non-available information on parents' history of DM, the proportion of parents with lower BMI was higher. The most possible explanation to understand this fact could be related with the lower probability of those parents to have diabetes, which increased the probability to leave the question without answer.
In our sample, there was no association between a positive Parental FH or a Total FH and IFG/DM, using any of the three criteria (ADA, WHO or the 75 th percentile). The same results were obtained when we used the different indexes. We only found significant differences for FPG, but the statistical difference was for those with missing information, which is in favor that this group is more similar to those without familial history. About results on Parental FH these could be partly explained by the fact that these adolescents' parents are still young (father's mean age: 44.8; mother's mean age:
42.0), so most of those that in twenty years will have a diagnosis of DM, doesn't have it yet. For this reason, the association's strength may be diluted. This may be supported by the fact that, in our sample, the prevalence of DM on parents was 4.2%, lower than the estimated for the European population between 40-49 years, which was 5.4% on men and 4.2% on women (22) ; and than the 12.6% estimated to Portuguese individuals aged 40-59 years (28) .
We found that combining parental with grandparental FDMH lead to a 5.5 fold increase in the identification of adolescents with a positive FDMH. Even so we did not find an association between family history and IFG. A follow-up study would help to define if identifying these extra-adolescents, based on their grandparental family history, would better target who is more at-risk of developing IFG or DM. However, in our study, the use of grandparental FH information increased the amount of adolescents classified as missing data. This could be a source of misclassification that may attenuate the differences according to family history of diabetes.
Other possible explanations could be identified to explain these no differences between adolescents with and without familial history of disease. One could be related with validity of that information.
We have identified two studies that evaluated it: in the Family Heart Study (29) investigators determined the validity of reported family history of diabetes by comparing the proband's report with that of their relatives (reference standard). The sensitivity of the proband's report of diabetes was 0.87, 0.72, and 0.83 for parents, siblings, and spouses, respectively, and specificity was 0.98 for each relative type. In the San Luis Valley Diabetes Study (30) there was complete agreement between proband and family reports, suggesting that family history information collected from the proband is reliable and accurate. Another explanation to the lack of differences according to family history is that these adolescents are still too young (13 years) and don't have a sufficient range of values of the parameters evaluated that would allow the identification of differences.
Weaknesses
Glucose assays were only run once, not in duplicate: two studies which assessed the reproducibility of IFG with retesting within 6 weeks showed that the proportion of people classified as IFG on the first test and on retesting was 64% and 51%, respectively, with the majority being reclassified as normal and less than 10% as having diabetes on repeat testing (31). An oral glucose tolerance test (OGTT) could add some information because FPG and OGTT identify different types of individuals. However, it is impossible to perform OGTT to a large sample and reduce the sample may affect the external validity. On the other hand, we used FPG, which, according to the ADA, is the best screening test for diabetes and it is also a component of diagnostic testing (32).
The lack of pubertal indicators is a limitation of this study, and we had to rely only on menarche.
However, no appropriate conditions for privacy were available at school, so we were unable to classify the adolescents according to secondary sexual characteristics.
Strenghts
A major strength of our study is its relatively large sample size: we have 1276 adolescents, who were taken from a nonclinical population. In Portugal, education is mandatory till 9 th grade (adolescents who are 15 th year-old), so recruiting 13-year-old adolescents from school gave us a good population sample basis. Besides, there were almost no differences between those participants not considered in the analyses and those with complete information, which minimizes a possible selection bias.
Therefore, we have a high confidence that our results give a good perspective of our teenage population.
This cohort is now being re-evaluated: so, we will be able to check in which direction these adolescents with IFG evolved. Another goal to this re-evaluation is to test how the evaluated familial history predicts the occurrence of diseases.
Conclusion
and by WHO criteria was 0.55%,. There was no significant association between IFG (by any of the three criteria used) and a positive family history of DM, both considering only data from parents and when data from grandparents was also taken into account.
A future evaluation of these adolescents may enlighten if those identified as positive for family history of DM based on grandparents' data have an increased risk to develop IFG/DM. Total family history: Parents and Grandparents combined DM family history.
